, inhibits neuronal excitability (Colmers and Bleakman 1994) and has anticonvulsant effects (Vezzani et al. 1999) . NPY modulates the secretion of various hypothalamic neuropeptides, stimulates the corticotrophic axis (Krysiak et al. 1999; Small et al. 1997 ) and has potent inhibitory effects on gonadotrophic and somatotrophic axes (Catzeflis et al. 1993 ). In addition, NPY is thought to play a role in the pathophysiology of certain mood disorders and in the mechanism of action of antidepressant drugs (Heilig et al. 1988; Caberlotto et al. 1998 
The present study was undertaken to investigate the possible antidepressant-like effects of neuropeptide Y (NPY)
.
Clinical studies have demonstrated decreased NPY levels in the cerebrospinal fluid (CSF) (Heilig and Widerlov 1990) and plasma (Nilsson et al. 1996) of depressed patients, when compared with healthy control subjects. In addition, NPY levels have been shown to be negatively correlated to scores of anxiety in clinically depressed patients (Heilig and Widerlov 1990 ), suggesting a possible link between low levels of NPY and predisposition to anxiety-related or stress-induced depression.
Moreover, pre-clinical studies have shown that electroconvulsive shock stimulation increased NPY gene expression (Heilig et al. 1988) , as well as the expression of NPY mRNA in distinct brain regions in rats (Caberlotto et al. 1998; Mikkelsen et al. 1994 ). In addition, chronic antidepressant treatment has been shown to alter NPY and NPY Y 1 -type receptor mRNA levels (Caberlotto et al. 1998) , and to reduce NPY Y 2 -type receptor densities in certain brain regions (Widdowson and Halaris 1991) . Interestingly, NPY-like immunoreactivity and NPY Y 1 -type receptor binding sites were shown to be decreased or increased, depending on the brain region studied, in the recently developed Flinders Sensitive Line (FSL) rats (Caberlotto et al. 1999 ), a purported genetic animal model of depression (Overstreet 1993; Overstreet et al. 1995) .
Additional evidence of a role for NPY in depressive disorders is found in studies using the olfactory bulbectomized (OB) rat model of depression. Sub-chronic ICV administration of NPY attenuated the increase in ambulation, rearing, grooming and defecation scores consistently found when OB animals are tested in the open field (Song et al. 1996) . Treatment with NPY also increased noradrenaline (NA) and serotonin (5-HT) levels in the amygdala and hypothalamus (Song et al. 1996) . In addition, NPY reversed the supression of lymphocyte proliferation seen following OB (Song et al. 1994) . A decrease in lymphocyte proliferation has also been reported in depressed patients (Kronfol and House 1989) . Another study demonstrated that OB caused long term increases in the expression of the NPY gene in the olfactory/limbic system, suggesting that NPY plasticity may play some role in this model (Holmes et al. 1998) .
More recently, it has been shown that NPY displayed antidepressant-like activity in the rat forced swimming test (Stogner and Holmes 2000) . The sensitivity of the rat forced swimming test, when compared with the mouse forced swimming test, was unclear as several groups had difficulty obtaining reliable antidepressantlike effects with the selective serotonin re-uptake inhibitors (SSRIs) when using rats (for review see Borsini and Meli 1988) . Recently, the procedure of the rat forced swimming test was modified in order to score swimming and climbing behaviors, in addition to immobility time (Detke et al. 1995) . This modification in scoring allowed the authors to suggest that NA-ergic and 5-HTergic antidepressants produced different patterns of active behavior in the rat version of this model. The mouse version of the test also displays a high degree of pharmacological validity as evidenced by its sensitivity to major classes of antidepressant treatments, tricyclic compounds, monoamine oxidase inhibitors, atypical antidepressants, SSRIs and electroconvulsive shock (Borsini and Meli 1988) . The diversity of results between the two test situations (rat vs. mouse) may be an important indication that the effects of certain antidepressant drugs are mediated by different substrates, and that their behavioral effects are expressed under different genetic and laboratory conditions.
It was therefore of significant interest to investigate the possible antidepressant-like activity of NPY in the mouse forced swimming test, using the established antidepressant imipramine as a positive control. In addition, the NPY receptor subtypes involved were assessed by investigating the possible antidepressant-like profile of agonists and selective antagonists of NPY Y 1 and Y 2 receptors. Complementary studies were conducted in the open field to rule out any false-positive results arising from drug-induced changes in locomotor performance.
MATERIALS AND METHODS

Animals
Naive male CD-one mice (Charles River, St-Constant, Quebec, Canada), weighing 20-24 g were used throughout this study. They were singly housed under standard laboratory conditions (12 h light/12 h dark cycle, lights on at 7:00 A . M ., food and water ad libitum). Each experimental group consisted of ten randomly chosen mice and animals were only used once. Animal care was provided according to protocols and guidelines approved by McGill University and the Canadian Council of Animal Care.
Surgery
Animals were carefully weighed and received an intraperitoneal injection (IP) of a ketamine HCl (Vetrepharm, London, ON): xylazine HCl (Novopharm, Toronto, ON): acepromazine maleate (Ayerst, Montréal, QC) mixture (1: 0.5: 0.1 ratio; 0.03ml.20g
Ϫ 1 body weight). The respiratory rate was monitored throughout the entire surgical procedure. Animals were then implanted with permanent 26 gauge steel guide cannula (Plastics One, Roanoke, VA) unilaterally above the left lateral ventricle. Coordinates were taken from the atlas of Franklin and Paxinos (1996) : anterior-posterior, Ϫ 0.6 mm with respect to bregma; lateral, ϩ 1.1 mm; ventral, Ϫ 1 mm with respect to the surface of the skull. Cannulae were secured with dental cement surrounding two jeweller's screws affixed to the skull. The animals were then placed under a warming lamp until they had sufficiently recovered from the anesthetic, before being individually housed for a period of seven days post-surgery.
Drugs and Treatment
NPY, [Leu 31
Pro 34 ]PYY and NPY were synthesized in our laboratory as previously described (Forest et al. 1990) , Doods et al. 1999; Dumont et al. 2000a ) and BIBO3304 (( ; the selective NPY Y 2 -type receptor antagonist, BIIE0246 (0.003 to 3 nmole) or 0.9% isotonic saline ICV via an injection cannula extending 1 mm beyond guide cannula tip (total injection volume: 2 l; flow-rate: 1 l/min). Imipramine HCl (RBI, Natick, MA; 8 and 32 mg.kg Ϫ 1 ; doses which do not increase locomotor activity, (Redrobe et al. 1996) ) was administered IP as a positive control. Animals were tested in the mouse forced swimming test or open field 30 min following injection. For studies investigating the effects of BIBP3226, BIBO3304 or BIIE0246 on NPY-induced antidepressant-like activity, pretreatment was performed 45 min before testing in the mouse forced swimming test.
All molecules were dissolved in 0.9% isotonic saline, except BIBP3226 and BIIE0246 which were dissolved in a 1% DMSO/saline solution. Control animals for these groups received the same 1% DMSO/saline solution.
Measurement of Immobility Time
The forced swimming test employed was essentially similar to that described elsewhere (Porsolt et al. 1977) . Briefly, mice were dropped individually into glass cylinders (height: 25 cm, diameter: 10 cm) containing 10 cm of water, maintained at 23-25 Њ C, and left there for 6 min. A mouse was judged to be immobile when it floated in an upright position, and made only small movements to keep its head above water. The duration of immobility was recorded during the last 4 min of the 6-min testing period.
Measurement of Locomotor Activity
Thirty minutes following ICV injections, as described earlier, mice were tested in the open field (Gray and Lalljee 1974) . Each animal was placed into the center of the apparatus, which consisted of a square base (70 ϫ 70 cm) surrounded by a 75 cm high wall. Illumination was provided by a 60 W bulb, positioned 90 cm above the floor of the apparatus. Horizontal ambulation and the number of central crossings were measured, over a 10 min period, by a video tracking system connected to a computer equipped with the commercially available HVS image system (HVS, UK) for the analysis of open field activity.
Verification of Cannula Placement
Cannula placement and function were verified within one week of testing. Mice were injected ICV with 2 l of methyl blue dye (2 mg/ml), and decapitated. Brains were rapidly removed and dissected to ensure the dye had reached the ventricles. No subjects were excluded from the data analysis because of improper cannula placement.
Statistical Analysis
Data were analyzed using a one-way analysis of variance, followed by post-hoc Bonferroni tests to assess individual group differences. Data were considered statistically significant when p Ͻ .05.
RESULTS
Effect of NPY in the Mouse Forced Swimming Test and Open Field
As shown in Figure 1 
Effect of BIBO3304 in the Mouse Forced Swimming Test and Open Field
Treatment with BIBO3304 did not result in any significant changes in the mouse forced swimming test (Figure 4 
Effect of NPY 13-36 in the Mouse Forced Swimming Test and Open Field
Treatment with the NPY Y 2 -type receptor agonist, 
Effect of BIIE0246 in the Mouse Forced Swimming Test and Open Field
As shown in Figure 6 
DISCUSSION
The present study demonstrates that NPY exerted dosedependent antidepressant-like activity in the mouse forced swimming test following ICV administration. The magnitude of this effect was similar to that observed following treatment with imipramine, an antidepressant drug acting primarily via blockade of 5-HT and NA re-uptake.
It has been suggested that NPY may induce antidepressant activity via the modulation of 5-HT/NA neurotransmission (Song et al. 1996) . Anatomical evidence lends some support to this hypothesis as NPY is co-localized with 5-HT and NA-ergic neurons (Blessing et al. 1986; Everitt et al. 1984) and modulates the release of 5-HT and NA, two neurotransmitter systems targeted by many antidepressant drugs (Finta et al. 1992; Martire et al. 1993; Schlicker et al. 1991 ). Indeed, it was shown that administration of NPY or NPY Y 1 receptor agonists increased brain levels of both 5-HT and NA (Song et al. 1996; Hastings et al. 1997) . Moreover, behavioral data have shown that NPY exerted an antidepressant-like profile, in a modified version of the rat forced swim test (Stogner and Holmes 2000) . Using this method, it was concluded that NPY-treated animals presented escapelike behavior preferentially similar to that observed following SSRI administration (Stogner and Holmes 2000) . Indeed, several studies have demonstrated that SSRI administration modified NPY gene expression, NPY mRNA and NPY receptor densities in the rodent CNS (Caberlotto et al. 1998 (Caberlotto et al. , 1999 . However, the possible involvement of other neurotransmitter systems, e.g., GABA or dopamine, that may serve to mediate the antidepressant-like effects of NPY, cannot be ruled out at this time.
Our experiments also demonstrated that the NPY Y 1 receptor agonist, [Leu ]PYY also has some agonist activity at Y 5 receptors (Michel et al. 1998) (Rudolf et al. 1994; Doods et al. 1996) ) and BIBO3304 (an antagonist showing ten times more potency for the Y 1 receptor than BIBP3226 (Wieland et al. 1998)) completely blocked the antidepressant-like effects of NPY in the forced swim test. This matter will only be resolved with the advent of selective NPY Y 5 receptor antagonists, which are not yet widely available. Hence, the results of the present study suggest that the development of synthetic NPY Y 1 agonists may serve as a new family of pharmacotherapeutic agents for the treatment of depressive disorders. Further studies are warranted to elucidate the possible role played by other NPY receptor subtypes, e.g., the NPY Y 4 , Y 5 and Y 6 receptors. However such studies are, thus far, problematic as selective and potent agonists and antagonists for these receptor subtypes are not widely available (Michel et al. 1998; Dumont et al. 2000b) .
The open field is often used as a model for the investigation of potential anxiolytic-like activity, in addition, this test is also widely used to measure gross changes in locomotor activity. It has been shown that ICV administration of NPY induces dose-dependent suppression of open field activity (Heilig and Murison 1987) , results which concur with those of the present study. In contrast, other authors have reported moderate increases in exploratory activity with relatively low doses (Smialowski et al. 1992) . NPY-induced suppression of activity is also observed when similar doses are administered prior to testing in spontaneous locomotor activity and home cage activity monitors (Heilig et al. 1988; Heilig and Murison 1987) . The use of the open field in the present study stems from the need to ensure that increases in mobility time in the forced swimming test were not due to increases in gross locomotor performance.
The selective NPY Y 2 -type receptor antagonist, BIIE0246, marginally but significantly reduced immobility time in the mouse forced swimming test (Figure 6 , Panel A); however, treatment with this molecule also increased horizontal ambulation in the open field at the dose found to be active in the forced swim test. This rather surprising result could imply that BIIE0246 may have induced some indirect non-specific effects, at the higher dose, and therefore increased general activity in the open field. A possible explanation for this effect could be drawn from an NPY Y 2 -mediated activation of the dopaminergic system. It has been demonstrated that NPY modulates the release of dopamine via an NPY Y 2 receptor controlled mechanism (Ault and Werling 1997) . In addition, dopamimetics have been shown to display antidepressant-like activity in the forced swimming test (Willner 1997) , as well as increased activity in the open field (Dahl and Gotestam 1989) . As there is little or no behavioral data published to date using BIIE0246, a full and more detailed psychopharmacological profile of this molecule is warranted before any firm conclusions can be made.
A possible role for the NPY Y 2 receptor subtype in the activity of NPY in this model however seems unlikely, as pretreatment with BIIE0246 (0.3 nmole) failed to antagonize NPY-induced (3 nmole) antidepressantlike effects. This hypothesis is further supported by the fact that the NPY Y 2 receptor agonist, NPY 13-36 ,failed to induce significant anti-immobility activity in the mouse forced swimming test. Indeed, it has been shown that agonists of this receptor subtype reduced basal and stimulated NPY release, both in vitro (Chen et al. 1997) and in vivo (King et al. 1999) , and thus may explain the lack of activity of NPY in the mouse forced swimming test.
In conclusion, the present study supports the hypothesis that NPY exerts antidepressant like effects and suggest that this activity is mediated by the NPY Y 1 receptor subtype, as assessed in an acute animal model of depression.
